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MAGNETIC HEAD ACTUATOR HAVING FINELY MOVABLE TRACKING DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magnetic head 
actuator having a finely movable tracking device and, more 
particularly, to a power feeding structure for wiring to a 
piezoelectric element of the tracking device. 

2 . Description of the Related Art 

A magnetic head actuator widely used in an HDD is 
provided with a magnetic head opposing a rotating hard disk. 
The magnetic head is positioned at the free end of a swing 
arm, which swings reciprocally around the rotation axis of 
the base of the swing arm. In accordance with tracking 
signals from the hard disk, the actuator allows the swing 
arm to swing around the rotation axis. In order to meet the 
demand for a narrower track width or a smaller track pitch, 
a finely movable tracking device is constructed, such that a 
piezoelectric element, which expands and contracts when a 
voltage is applied, is mounted in the swing arm. Thus, the 
free end of the swing arm makes a fine arcuate movement 
around the rotation axis of the arm in accordance with 
expansion and contraction of the piezoelectric element. 

In a conventional magnetic head actuator provided with 
the finely movable tracking device, a ground electrode of 
the piezoelectric element is electrically connected to the 
swing arm, and power is supplied to a voltage-impressing 



electrode via a feeding line of a flexible printed circuit 
(FPC) board that extends along the swing arm. The feeding 
line of the FPC board and the voltage-impressing electrode 
of the piezoelectric element are bonded by conventional gold 
(Au) wire bonding. 

The Au wire bonding, however, is not only expensive due 
to the many man-hours required but also the Au wire bond is 
easily broken by an external force applied to the thin Au 
wire, which has a diameter on the order of a few micrometers. 
Also, a component, such as a magnetic head actuator that is 
incorporated into an HDD in an additional step after 
assembly the wiring is easily broken, thereby leading to 
continuity defects and low yield. 
SUMMARY OF THE INVENTION 

The present invention provides a magnetic head actuator 
with a finely movable tracking device that which facilitates 
wiring to a piezoelectric element, while reducing problems 
such as wire breakage and continuity defects in the wiring. 

The present invention facilitates connecting a voltage- 
impressing electrode of a piezoelectric element and a 
feeding line of an FPC board without using Au wire bonding. 
To this end, the feeding line of the FPC board is arranged 
to extend onto the voltage-impressing electrode, where an 
exposed portion is formed by removing a resin base of the 
FPC board that extends onto the electrode. Also, an 
electrical and mechanical connection to the electrode at the 
exposed portion is made by ultrasonic bonding, Au ball 
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bonding or stud bumping. 

A magnetic head actuator having a finely movable 
tracking device according to the present invention comprises 
a swing arm having a magnetic head at the free end of the 
swing arm, the swing arm being reciprocally movable around a 
coarse rotation axis of the base of the swing arm; a 
piezoelectric element, mounted in the swing arm, for 
allowing a fine arcuate movement of the free end around the 
coarse rotation axis when a voltage is applied; and an FPC 
board having a resin base and a feeding line embedded in the 
resin base for feeding power to a voltage-impressing 
electrode. The feeding line of the FPC board is arranged to 
extend onto the voltage-impressing electrode of the 
piezoelectric element. The feeding line has an exposed 
portion formed by removing the resin base from a portion of 
the feeding line extending onto the electrode and a direct 
electrical connection is made to the electrode at the 
exposed portion. 

In another aspect of the present invention, in the 
magnetic head actuator, the feeding line of the FPC board is 
arranged to extend onto the voltage-impressing electrode of 
the piezoelectric element. The feeding line lies in the FPC 
board other than the portion to be bonded to the 
piezoelectric element. A direct electrical connection is 
made to the electrode at the exposed portion of the feeding 
line . 

Specifically, as used herein, electrical conduction 



means any mechanical and electrical bonding, and may include 
ultrasonic bonding, Au ball bonding, and the like. 

Preferably, the feeding line arranged to extend onto 
the voltage-impressing electrode of the piezoelectric 
element is partially exposed at the upper and lower portions 
of the feeding line. After a through-hole is formed at the 
exposed portion, a gold ball is inserted into the through- 
hole and the feeding line is electrically bonded to the 
electrode by gold ball bonding. Alternatively, after 
forming a stud bump made of conductive material on the 
piezoelectric element, the feeding line is electrically 
connected to the electrode by inserting the stud bump into 
the through-hole of the feeding line. 

Although a swing arm can provide a single piezoelectric 
element in a preferred embodiment of the invention, the 
swing arm is provided with a pair of piezoelectric elements 
having polarities opposite to each other so that the 
magnetic head makes a larger movement. 

Although an FPC board having a feeding line leading to 
the piezoelectric element can be prepared separately, in a 
preferred embodiment the FPC board includes a trace line 
leading to the magnetic head and extending in the FPC board. 

Thus, the present invention provides a magnetic head 
actuator, provided with a finely movable tracking device 
using a piezoelectric element that facilitates wiring to the 
piezoelectric element while reducing problems such as wire 
breakage and continuity defects. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of an HDD provided with a 
magnetic head actuator according to the present invention; 

Fig. 2 is a rear view of the sole magnetic head 
actuator (swing arm) shown in Fig. 1; 

Fig. 3 is a cross-sectional view taken along the lines 
t III-III shown in Fig. 2; 

o 

M Fig. 4 is an enlarged plan view of a portion of the 

magnetic head actuator according to a first embodiment of 

W the present invention; 

« 

s Fig. 5 is a cross-sectional view taken along the line 

O 

M, v-V shown in Fig. 4; 

Q 

>Q Fig. 6 is a cross-sectional view taken along the lines 

O 

f!.j VI-VI shown in Fig. 4; 

Fig. 7 is a cross-sectional view taken along the lines 
VII-VII shown in Fig. 4; 

Fig. 8 is a schematic view illustrating the bonding 
structure of a feeding line of an FPC board and a voltage- 
impressing electrode of a piezoelectric element according to 
the first embodiment; 

Fig. 9 is a partial cross-sectional view of the bonding 
state in Fig. 8; 

Fig. 10 is a schematic view illustrating the bonding 
structure of a feeding line of the FPC board and the 
voltage-impressing electrode of the piezoelectric element 
according to a second embodiment of the present invention; 
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Fig. 11 is a schematic view illustrating a bonding 
state after the bonding in Fig. 10 is completed; 

Fig. 12 is a partial cross-sectional view illustrating 
the bonding state shown in Fig. 11; 

Fig. 13 is an enlarged plan view of a portion of the 
magnetic head actuator according to a third embodiment of 
the present invention; 

H r Fig. 14 is an enlarged plan 'view of a feed line portion 

D 

Q in accordance with the third embodiment where feeding line 

J5 

UP is exposed by removing a resin base of the FPC board; 

M 

Ly Fig. 15 is a schematic view illustrating the bonding 



structure of the feeding line of the FPC board and the 



|=* voltage-impressing electrode of the piezoelectric element 

b 

m according to a third embodiment of the present invention; 

D 

j=y Fig. 16 is a cross-sectional view illustrating a 

bonding structure in accordance with the third embodiment 
before the bonding in Fig. 15 is performed; 

Fig. 17 is a cross-sectional view illustrating the 
bonding structure in accordance with the third embodiment 
after the bonding in Fig. 15 is completed; 

Fig. 18 is a schematic view illustrating the bonding 
structure of the feeding line of the FPC board and the 
voltage-impressing electrode of the piezoelectric element 
according to a fourth embodiment of the present invention; 

Fig. 19 is a cross-sectional view illustrating the 
bonding structure according to the fourth embodiment in 
which the bonding in Fig. 18 is in progress; and 
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Fig. 20 is a cross-sectional view illustrating the 
bonding structure according to the fourth embodiment after 
the bonding in Fig. 18 is completed. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows an overall structure of an HDD provided 
with a magnetic head actuator according to embodiments of 
the present invention. Away from a hard disk (magnetic 
disk) 12 rotating along a rotation axis 11, the base of a 
swing arm 20 comprising a load beam and a gimbal spring is 
supported in a reciprocally swinging manner around a coarse 
rotation axis 13. A magnetic head (flexure) 21 is supported 

- at the free end of the swing arm 20. The magnetic head 21 

D 

y3 moves reciprocally in the substantially radial direction of 
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the hard disk 12 when the swing arm 20 is swung reciprocally 
around the coarse rotation axis 13 by an actuator 14. 

A pair of piezoelectric elements 22 having polarities 
opposite to each other are mounted in parallel in the swing 
arm 20 on both sides of an imaginary line drawn between the 
coarse rotation axis 13 and the magnetic head 21. As shown 
in Figs. 1 and 3, the piezoelectric elements 22 each have a 
ground electrode 22G on one of the front and back surfaces 
thereof and a voltage-impressing electrode 22V on the other 
surface. The piezoelectric elements 22 are polarized, such 
that long sides L of the piezoelectric elements 22 are 
parallel to the imaginary line, and one of the long sides L 
expands while the other contracts when the same voltage is 



placed across the ground electrode 22G and the voltage- 
impressing electrode 22V of each piezoelectric element 22. 

In order to transmit expansion and contraction in the 
direction of the long side L of the pair of piezoelectric 
elements 22 to the swing arm 20, the swing arm 20 has a pair 
of spaces 20S therein for accommodating the piezoelectric 
elements 22. Each piezoelectric element 22 has clearances 
Mi on both ends in the direction of the long side L as shown in 

o 

Q Fig. 3. The clearances are filled with an insulating non- 

43 

hi shrinkable resin 24. The pair of piezoelectric elements 22 

hj mounted in the swing arm 20, as described above, allow a 

~~ fine arcuate movement of the magnetic head 21 of the swing 

O 

U, arm 20 around the coarse rotation axis 13 when one of the 

piezoelectric elements 22 expands, while the other contracts. 
When one of the piezoelectric elements 22 expands while the 
other contracts by, for example, about 1 um, the current 
technology level permits the magnetic head 21 to make a fine 
movement of about 10 um in the arcuate direction around the 
coarse rotation axis 13. In this embodiment, the swing arm 
20 is grounded through electrical connection with the ground 
electrodes 22G via an electrically conductive resin 25 made 
of metal or conductive material as shown in Fig. 3. 

As illustrated in Fig. 2, commonly used for the 
magnetic head 21 and the piezoelectric elements 22, has 
trace lines 32 leading to the magnetic head 21 and a pair of 
feeding lines 33 leading to the corresponding piezoelectric 
elements 22. These lines 32 and 33 are both embedded in a 
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resin base 31 (shown, for example, in Figs. 4 and 5), which 
is typically formed of a polyamide resin. The trace lines 
32 are connected to the magnetic head 21 at one end of the 
trace lines 32 and to a record-playback circuit 15 at the 
other end. The feeding lines 33 are connected to the 
corresponding voltage-impressing electrodes 22V of the 
piezoelectric elements 22 at one end of the feeding lines 33. 

O The feeding lines 33 are also connected to a control circuit 

P 

Jr: 16 at the other end thereof. Referring back to Fig. 1, the 

w 

%j control circuit 16 is connected to the actuator 14. The 
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actuator 14 and the piezoelectric elements 22 are controlled 
in accordance with control signals transmitted from the 
control circuit 16. The magnetic head 21 sends tracking 
signals received from the hard disk 12 to the control 
circuit 16, while exchanging record-playback information 
signals with the record-playback circuit 15. With this 
configuration, the control circuit 16 allows the swing arm 
20, i.e., the magnetic head 21 controls the actuator 14 and 
the piezoelectric elements 22 so as to move in a proper 
track position. 

In the above configuration, the embodiment has 
structural features for connecting the piezoelectric 
elements 22 of the magnetic head actuator and the 
corresponding feeding lines 33. As described previously, 
the piezoelectric element 22 and the feeding line 33 have 
been bonded by known Au wire bonding, thereby causing 
problems of high cost and wire breakage. 
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In the following description with respect to bonding 
between the feeding lines 33 and the corresponding voltage- 
impressing electrodes 22V, a combination of the feeding line 
33 and the corresponding voltage-impressing electrode 22V 
will be referred to, since the other combination is bonded 
in the same manner. 

Figs. 4 to 9 illustrate a first embodiment of the 
present invention. The FPC board 30, having the resin base 
31 and the feeding lines 33, is arranged to extend onto the 
voltage-impressing electrodes 22V of the piezoelectric 
elements 22. The feeding lines 33 are partially exposed by 
removing the resin base 31 from the portion of feeding lines 
33 that extend onto the voltage-impressing electrodes 22V. 
The feeding lines 33 are typically composed of copper (Cu) 
and have gold plating layers 34 on the' exposed portions of 
the front and back surfaces of the feeding lines 33. The 
resin base 31 and the feeding lines 33 both extend onto the 
voltage-impressing electrodes 22V and are held on the side 
of the FPC board 30 until the feeding line 33 is connected 
to the piezoelectric element 22. The feeding lines 33 have 
a thickness of, for example, about 10 to about 20 urn. 

In this embodiment, the feeding line 33 of the FPC 
board 30 abuts against the voltage-impressing electrode 22V, 
and an ultrasonic probe 41 is brought into contact with the 
portion of the feeding line 33 lying on the voltage- 
impressing electrode 22V. Then, the feeding line 33 and the 
voltage-impressing electrode 22V are bonded by ultrasonic 



bonding. During the ultrasonic bonding process, the gold in 
the gold plating layers 34 on the front and back surfaces of 
the feeding line 33 is dispersed into the surface layer of 
the voltage-impressing electrode 22V, thereby bonding the 
feeding line 33 and the electrode 22V. 

Figs. 10 to 12 illustrate a second embodiment of the 
invention, in which the feeding line 33 and the voltage- 
impressing electrode 22V are bonded with a gold ball 42 by 
well-known Au ball bonding instead of the ultrasonic bonding. 
The bonding according to the second embodiment can cause 
less damage to the feeding lines 33 than bonding, thereby 
potentially providing more reliable connections. 

Figs. 13 to 17 illustrate a third embodiment of the 
present invention. The feeding line 33, embedded in the 
resin base 31 of the FPC board 30, is partially exposed at 
the upper and lower portions of the feeding line 33 that 
extend onto the voltage-impressing electrode 22V of the 
piezoelectric element 22. In this embodiment, the resin 
base 31 at the end of the feeding line 33 is partially 
removed in a round form so as to leave a remaining ring 31A 
on the front and back surfaces of the feeding line 33. The 
resin removed portion is thereby surrounded by the remaining 
ring 31A. The resin base 31, typically formed of a 
polyamide resin, covers and reinforces the feeding line 33 
other than the inside of the remaining ring 31A. In this 
configuration, the feeding line 33 is rarely broken without 
exerting an external force. The feeding line 33 has a 
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through-hole 33A inside the remaining ring 31A. A remaining 
portion is not necessarily circular; however, it is 
advantageous from the viewpoint of strength that the 
remaining portion is formed in a closed loop. The inner 
diameter of the remaining ring 31A is, for example, about 
0.2 to about 0.7 mm. 

In this embodiment, the remaining ring 31A is placed on 
the voltage-impressing electrode 22V and a gold ball 43 is 
inserted through the through-hole 33A toward the voltage- 
impressing electrode 22V. Then, the feeding line 33 of the 
FPC board 30 and the voltage-impressing electrode 22V are 
bonded by Au ball bonding. The bonding according to this 
embodiment, the remaining ring 31A of the resin base 31, 
reinforces the feeding line 33. Accordingly, there are few 
possibilities for wire breakage and the manuf acturability 
and reliability of the magnetic head actuator are also 
improved . 

Figs. 18 and 19 illustrate a fourth embodiment of the 
invention, bonding the feeding line 33 and the voltage- 
impressing electrode 22V is completed by stud bumping 
instead of Au ball bonding. The voltage-impressing 
electrode 22V has a stud bump 45 thereon that is accreted in 
advance of bonding by discharging a gold ball. The stud 
bump 45 consists of a large diameter portion 45a firmly 
bonded to the voltage-impressing electrode 22V, and a small 
diameter portion 45b formed on the large diameter portion 
45a. The shape of the stud bump 45 is determined depending 
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on the shape of a capillary for a gold ball. 

The feeding line 33 of the FPC board 30 and the 
voltage-impressing electrode 22V are bonded as follows. 
After the small diameter portion 45b of the stud bump 45 is 
inserted into the through-hole 33A of the feeding line 33, 
an ultrasonic probe is brought into contact on the small 
diameter portion 45b so as to crush the small diameter 
portion 45b. In accordance with this embodiment of the 
invention, a sufficient area is provided for bonding the 
feeding line 33 and the voltage-impressing electrode 22V, 
thereby enhancing the reliability of the connection. 

As illustrated in Figs. 4 to 9, although the gold 
plating layer 34 must be formed on the front and back 
surfaces of the feeding line 33 for the ultrasonic bonding 
process used to fabricate a magnetic head actuator according 
to the first embodiment, the gold plating layer 34 is 
optional in the bonding process used to fabricate a magnetic 
head according to the other embodiments. The gold plating 
layer 34, however, has an advantage in enhancing the 
electrical and mechanical bonding strength. 

Technologies for forming the trace lines 32 and the 
feeding lines 33 with an arbitrary pattern in the resin base 
31 of the FPC board 30 have already been established. 
Further, the resin base 31, once formed, can also be easily 
patterned with an arbitrary pattern by a physicochemical 
method, such as etching. Specifically, in a reactive ion 
etching (RIE) device, for example, the resin base reacts 
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with gas ions to partially remove the resin base and thus 
form a pattern. 
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